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RAMMING BRAXE FOR GUN-LAUNCHED PROCECTILES

TECHNICAI, FIELD OF THE INVENTION

This inventicrn relates to projectiles launched from a
gun barrel or canmon, and more particularly to a ramming
brake for gun-launched proje;tiles.

BACKGRQUND OF THE INVENTION

When launching projectiles out of large military guns
or cannons, a typical loading technique is to first ram the
projectile into the breach of the gun, and then to ram a
propelling charge in a shell casing behind the projectile.
The propelling charge is typically positioned in the breach
by a shell casing rim that is similar to the rim on a
bullet cartridge used with a handgun. This rim is larger
than the diameter of the breach and is prevented from being
inserted intoc the barrel of the gun. Alternatively, the
propelling charge and the projectile may be contained in a
single unit that is inserted into the breach of the gun.

Projectiles launched from military guns are typically
rear obturated. The aft end. of the projectile has a
protruding ring or flange of material called an obturator
or a rotating band. The obturator has a diameter smaller
than the dJdiameter of the breach, but larger than the
diameter of the bore of the gun barrel. The bore is the
section of the barrel that typically contains a series of
rifling grooves used to impart a spin on the projectile.

During loading, the projectile is rammed into the
breach in a manner similar to putting a bullet in a gun
_chamber. However, unlike a typical bullet, the projectile
does not have a cartridge rim to stop it {only the separate
propelling charge has a cartridge rim). Therefore, the aft
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end or rear obturator is used to stop the projectile once
it has traveled an appropriate distance into the barrel.
Because the rear obturator has a diameter larger than the
bore diameter of the gun, the obturator is stopped during
loading of the projectile in an area of the gun barrel
where the inside diameter decreases from the breach
diameter to the bore diameter. This area of inside
diameter change is called the forcing cone. Because the
obturator is locateq at the rear of the projectile, when
the obturator stops at the forcing cone, most of the
projectile is positioned in the bore of the barrel.

When the propelling charge is ignited, the rear of the
projectile is forced into the bore of the gun barrel. The
obturator, which has a diameter larger than the bore of the
gun, is forced to extrude into the rifling grooves. This
extrusion helps to prevent the charge gases created by the
ignition of the propelling charge from flowing past the
projectile in the rifling grooves. By preventing the
charge gases from blowing by the projectile, the obturator
causes the charge gases to drive the projectile out of the
gun at the optimal velocity. In addition, since the
rifling grooves spiral down the barrel, the grooves impart
a spin to the projectile to increase flight stability. It
should be noted that the term "rotating band" is often used
to denote a device that provides obturation (the
obstruction of gas flow) as well as imparting a rotation to
the projectile. The term ‘obturator" typically refers- to
a device that only performs the obturation function.
However, for the purposes of this applica{:ion, the term
robturator" will be used generically to refer to both
rotating bands and obturators.

Advanced projectiles ("smart" projectiles) are capable
of being fired from the same guns that are used to fire the
standard unguided projectiles described above. An example
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of an unguided projectile is a standard artillery ghell,
which is basically a large bullet. On the other hand,
advanced projectiles have enhanced features such as
electronic guidance and extended range rocket motors. For
example, certain advanced projectiles are launched from a
gun using a propelling charge, but then use a rocket motor
and a guidance system to propel them to a selected target.
These advanced projectiles must be designed to be loaded
and fired in the same gun barrels that were designed to
fire the standard unguided projectiles. However, advénced
projectiles are often longer than.standard projectiles due
to their increased complexity. In addition, in order to
increase the range of advanced projectiles, a relatively

thin rocket motor wall is used. Because of the increased

- length and the thin rocket motor wall, if a standard rear

obturator is used on such projectiles, the launch pressures
created when the charge is ignited ﬁould buckle the aft
portion of the advanced projectile.

An obturator or related device must be used in order
to stop the charge gases from blowing by the projectile.
This function is important in the case of advanced
projectiles due to the sensitivity of the guidance
electronics. Any blow-by could potentially destroy the
projectile’'s operability. Additionally, a brake is needed
to stop the projectile when it is rammed into the gun.
Traditionally, both of these functions have been performed
by the rear obturator or rotating band, as described above.
However, since the obturator cannot be located at the rear
of the projectile on an advanced projectile, the standard
rear obturator/rotating band design used with unguided
projectiles must be replaced by one or more components that
serve the functions of stopping the advanced projectile

when rammed into the gun barrel.
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SUMMARY OF THE INVENTION

Accordingly, a need has arisen for apparatus to
position an advanced projectile in a gun barrel during
loading of the projectile. The present invention provides
a ramming brake for use with a gun-launched projectile that
addresses shortcomings of prior apparatusd.

In accordance with the present invention, there is
provided a ramming brake for use with a projectile launched
from the barrel of a gun having a tapered portion. The
ramming brake includes a braking ring that has a tapered
surface configured to wedge into a tapered portion of the
gun barrel. In a particular configuration, the braking
ring wedges in the tapered breach of the gun barrel. The
ramming brake further includes a retaining mechanism that
is used to couple the braking ring to the projectile. This
retaining mechanism restrains and controls the movement of
the projectile after the braking ring wedges into the
tapered portion of the barrel.

Embodiments of the present invention provide numerous
technical advantages. For example, in one embodiment of
the invention, a ramming brake is provided that stops the
aft end of a mid-body obturated projectile from entering
the bore of a gun barrel during loading of the projectile
into the barrel. Furthermore, rammiﬁg brakes incorporating
teachings of the present invention are typically fabricated
from a material that disintegrates once the projectile is
fired from the gun. Such disintegration prevents the
ramming brake from damaging the inside of the gun barrel
during launch.

Additional technical advantages include a .ramming
brake having a configuration that allows the brake to be
stopped in the breach of the gun instead of the forcing
cone. Because typically unguided munitions are stopped in

the forcing cone during loading, this area typically
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experiences high wear. By providing a ramming brake for
use with advanced projectiles that stop in the breach
(which experiences 1little wear) additional weaxr of the
forcing cone is minimized. However, ramming brakes
incorporating teachings of the present invention also
function when stopped in the forcing cone instead of the
breach (which may occur once the inner surface of the gun
barrel wears after many uses). Moreover, a ramming brake
is provided in one embodiment of the present invention that
is not rigidly attached to the projectile. For example,
semi-elastic cords are used to attach the braking ring to
the projectile. 1In such instances, the force needed to
stop the momentum of the moving projectile is greatly
decreased. '

Other technical advantages are readily apparent to one

skilled in the art from the following £figures,

descriptions, and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present
invention and the advantages thereof, reference is now made
to the following descriptions taken in connection with the
accompanying drawings in which: _

FIGURE 1 is an illustration of a gun-launched
projectile for use in conjunction with the present
invention;

FIGURE 2 is a cross-section illustrating a gun barrel
for launching the projectile of FIGURE 1;

FIGURE 3 is a cross-section of the gun barrel of
FIGURE 2, taken along line 3-3;

FIGURE 4 is an illustration of a ramming brake
incorporating teachings of the present invention;

FIGURE 5 is a drawing illustrating the ramming brake

of FIGURE 4 mounted on an associated projectile.
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FIGURE 6 is an illustration of an alternate
configuration of a ramming brake incorporating teachings of
the present invention; and

FIGURE 7 is a drawing illustrating the ramming brake

5 of FIGURE 6 mounted on an associated projectile.

DETATLED DESCRIPTION OF THE INVENTION

Embodiments of the present invention and its

advantages are best understood by referring to FIGURES 1

10 through 7 of the drawings, like numerals being used for
like and corresponding parts of the various drawings.

FIGURE 1 illustrates a gun-launched projectile for use

in conjunction with the present invention. The projectile

10 is an advanced or "smart" projectile that is fired from

15 a gun that traditionally fires standard unguided
projectiles. Examples of such guns are large naval and
artillery guns. Projectile 10 includes a propulsion
segment 12; typically a solid rocket motor. Once

projectile 10 is fired from a gun, propulsion segment 12
20 ignites to accelerate the projectile to the desired
velocity. Projectile 10 also includes a payload segment
14, Payload segment 14 includes the non-propulsion systems
of the projectile. For example, payload segment 14
typically includes a plurality of sub-munitions or some
25 other explosive device or devices. Payload segment 14 also
typically includes an electronics package for controlling
the guidance of the projectile 10. Projectile 10 has a tip
16 at its forward end and an aft closure 18 at its aft end.
Further, the projectile includes a plurality of fins 20
30 used to guide and stabilize the projectile (although not
explicitly shown, fins may also be disposed around payload
segment 14). In addition, projectile 10 includes an
obturator seat 22. Obturator seat 22 functions to position

an obturator {not explicitly shown in FIGURE 1). The
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function of the obturator and obturator seat 22 will
described below.

Due to the length and thin rocket motor walls of
advanced projectiles, a traditional rear obturator, as used
on shorter, unguided projectiles that are fired from the
same type of gun, cannot be used. If projectile 10 was
rear obturated (meaning that the obturator is positioned at
or in close proximity to the aft end of the projectile),
the forces placed on the projectile when launched from the
gun would cause propulsion segment 12 to buckle. The
structure of propulsion segment 12 cannot be augmented to
overcome this problem because too much weight would be
added to the projectile (which would reduce the
projectile's range and/or payload capacity).

However, if the obturator is moved near the middle of
projectile 10 to a "mid-body" position, the launch forces
applied to propulsion segment 12 are reduced. This is due
to the fact that payload segment 14 (or any structure that
is forward of the obturator) bears part of the load, while
propulsion segment 12 (or any structure aft of the
obturator) bears the other part. 1In addition, the forces
that are applied to propulsion segment 12 are generally
tensile when a "mid-body" obturator is used. When a rear
obturator is used, the forces on propulsion segment 12 are
generally compressive. Due to the reduction of launch
forces and the fact that the tensile strength of propulsion
segment 12 is typically better than its compressive
strength, a "mid-body" obturator is superior to a rear
obturator for wuse with advanced projectiles such as
projectile 10.

For the reasons described above, obturator seat 22 is
geherally located near the middle of projectile 10.
However, there is no strict requirement that the obturator
be located at the exact center of projectile 10. All that
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is required is that the obturator be positioned at
substantially a mid-body location to lower the launch
forces applied to propulsion segment 12. As will be
discussed below, this generally means that the obturator,
5 and thus obturator seat 22, is located at a point along
projectile 10 that will be loaded into the bore of the gun
barrel. For this reason, the obturator cannot have a
larger outer diameter than the bore of the barrel.
In order to further explain the configuration of the
10 obturator and obturator seat 22, reference is now made to
FIGURES 2 and 3. FIGURE 2 is an illustration of a gun
barrel for typically launching projectile 10. Barrel 110
includes three primary sections: a breach 120, a forcing
cone 130, and a bore 140. Barrel 110 has three distinct
15 inner surfaces corresponding to these sections. An inner
surface 122 of breach 120 tapers slightly inward from an
aft end 114 to a forward end 124 of breach 120. An inner
surface 142 of bore 140 is of a uniform bore diameter 144
throughout the length of bore 140. The diameter of the
20 breach at its forward end 124 is larger than bore diameter
144. Thus, an inner surface 132 of forcing cone 130 forms
a tapered cone that connects inner surface 122 of breach
120 to inner surface 142 of bore 140.
FIGURE 3 illustrates a cross-section of bore 140 of
25 FIGURE 2, taken along line 3-3. Bore 140 contains a
plurality of rifling grooves 146 formed in inner surface
142. Rifling grooves 146 generally begin at the point
where forcing cone 130 ends and where bore 140 begins.
Each rifling groove spirals along bore 140 at a constant
30 angle until it reaches a forward end 116 of barrel 110.
Rifling grooves 146 rotate a projectile after the charge
has been fired and the projectile travels along bore 140.
Such rotation is needed to give unguided projectiles
stability in flight.
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Referring now to FIGURES 2 and 3, when a rear
obturated projectile is 1loaded into barrel 110, the
projectile is first inserted into bréach 120. The
projectile has a diameter less than, but substantially
equal to bore diameter 144. Therefore, the projectile
will travel along barrel 110 and into bore 140 until the
obturator reaches forcing cone 130. A typical rear
obturator has an outside diameter that is smaller than the
diameter of breach 120 at its forward end 124, but larger
than bore diameter 144. Therefore, when the obturator
enters forcing cone 130, the obturator will come into full
contact with inner surface 132 at a point where the inside
diameter of forcing cone 130 generally equals the outside
diameter of the obturator. At this point, the rear
obturator is prevented from moving forward, thus stopping
the projectile. Therefore, the first function of the rear
obturator is to act as a ramming brake to prevent the
projectile from completely entering bore 140. _

Once the projectile has been stopped, a propelling
charge is inserted into breach 120 behind the projectile.
The projectile is then fired by igniting the propelling
charge. A rear obturator is typically made of metal, such
as copper or gilding metal. A rear obturator may also be
fabricated from suitable non-metallic materials, such as
thermosets or thermoplastics. The flow of charge gases
created by the ignition of the probelling charge creates
enough force to deform the rear obturator and force the aft
end of the projectile into bore 140. As the obturator is
forced into bore 140, it is extruded into rifling grooves
146 in bore 140. The obturator serves two other functions
at this point. The first function is to impart a spin to
the projectile by following the spiraling configuration of
rifling grooves 146 as the projectile travels along bore

140. The other function is to provide a seal between the
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body of the proﬁectile and the inner sﬁr‘féce of the gun so
that the charge gases are obstructed from flowing past the
projectile (between the projectile and inner surface 142 of
bore 140 or in rifling grooves 146).

Referring now to FIGURES 1, 2 and 3 in combination, as
described above, a rear obturator cannot be used with
projectile 10. 1Instead, a "mid-body" obturator is utilized
to minimize the charge gases from traveling between the
projectile and inner surface 142 of bore 140 or in rifling
grooves 146. However, when the projectile is loaded into
barrel 110, most of the projectile, including the obturator
seat 22 is positioned in bore 140 to enable loading of the
propelling charge in breach 120. Therefore, the obturator
generally camnnot have an outer diameter larger than bore
diameter 144. Because the ocuter diameter of the obturator
is less than or substantially equal to bore diameter 144,
the mid-body obturator cannot be utilized as a ramming
brake during loading. Therefore, when a mid-body obturator
is used for sealing the rifling grooves 146 during firing,
an additional, discrete ramming brake is required to
perform the function of positioning the projectile during
ramming.

Referring now to FIGURE 4, there is shown an
illustration of one embodiment of a ramming brake 410
incorporating teachings of the present invention. Ramming
brake 410 is utilized with a mid-body obturated projectile,
like projectile 10 of FIGURE 1. Preferably the ramming
brake 410 is coupled to an aft closure 430 of the
projectile being rammed. FIGURE 5 illustrates one such
method of attaching ramming brake 410 to a projectile. A
set of tail fins 432 are attached to aft closure 430. 1In
order to load the projectile into the gun, tail fins 432
are folded down behind aft closure 430. Tail fins 432 are
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held in this folded position during loading and firing by
a fin retaining plate 434.

In order to properly position the projectile in the
gun to allow room for the propelling charge, it is
preferable that ramming brake 410 be located.at the aft end
of the projectile. However, since the projectile as loaded
has folded tail £fins 432, the "end" of the of the
projectile is the tail fimns. Therefore, ramming brake 410
is positioned behind aft closure 430 gnd around folded tail
fins 432.

Ramming brake 410 includes a braking ring 412 that has
a hollow, generally cylindrical shape with an inner
diameter sufficiently large to contain folded fins 432. In
addition, the hollow shape of braking ring 412 enables the
charge gases to pass through ramming brake 410 when the
projectile is £fired. If the charge gases cannot pass
through ramming brake, then the ramming brake acts as a
rear obturator, and the advantages of using a mid-body
obturator are Erustrated.

Braking ring 412 is slightly tapered to form a conical
shape having an outer diameter that is slightly smaller at
a forward end 414 than at an aft end 415. The téper of
braking ring 412 generally conforms to and fits with the
taper in the breach of the gun just before the forcing
cone. Therefore, when the projectile is loaded into. the
gun barrel, braking ring 412 wedges into and stops in this
tapered area. In addition, braking ring 412 may be
configured to wedge into other portions of the gun barrel,
such as the forcing cone. However, the forcing cone

'experiences the greatest amount of wear of any part of the

gun barrel, and thus it is advantageous to use a braking
ring 412 configured to wedge into other portions of the gun
barrel. In general, braking ring 412, and the other
braking rings described below, may wedge into any tapered
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portion of the barrel, including the tapered breach and the
forcing cone. In addition to properly positioning the
projectile (which is discussed below), the wedging of the
ramming brake 410 into the gun barrel provides sufficient
frictional force to retain the projectile in its proper
position when the gun barrel is elevated or depressed at
high angles (or when other forces are applied to the
projectile, such as impacts from the transportation of the
gun over rough seas or terxrain).

A projectile is typically rammed into the gun barrel
at speeds of seventeen to twenty feet per second. In order
to properly position the projectile, it is preferable to
stop the projectile within an inch of its desired position.
If the ramming brake is rigidly attached to the projectile,
the effective force that the ramming brake must stop is
much greater than the force that must be stopped when the
ramming brake is not rigidly attached to the projectile.
Therefore, instead of being xrigidly attached to the
projectile, braking ring 412 is coupled to aft closure 430
through a retaining system that includes a plurality of
semi-elastic cords or laces 416. When the projectile is
rammed into the barrel 110, and ramming brake 412 stops in
the breach 120, some percentage of cords 416 may stretch
with varying degrees of elasticity, and some may stretch
inelastically. Some cords 416 wmay even break. The
accumulated effect of these different responses acts to
absorb much of the force created during braking and to
correctly position the projectile for firing by pulling the
projectile slightly backwards in the barrel after cords 416
have stretched due to the braking forces. The terms 'semi-
elastic!' and ‘'semi-elastically' are wused in this
application to describe this effect.

Cords 416 are preferably fabricated from aramid fibers
{sold under the trademark KEVLAR}, however, other suitable
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materials such as nylon, polyester or polyethylene may be
used. In addition to providing elasticity, cords 416 allow
ramming brake 412 to be positioned behind aft closure 430
and around fins 432, but still be attached to aft closure
430. Coxds 416 are preferably laced between a plurality of
apertures 436 in aft closure 430 and a plurality of
apertures 418 in a lacing flange.420 of ramming brake 410.
Lacing flange 420 is a conical flange that extends inwardly
from aft end 415 of braking ring 412, and is formed
integral with the braking ring. Lacing flange 420 is
angled inward to provide a surface against which cords 416
can be laced to couple ramming brake 410 to aft closure
430. The number of apertures 418, 436 and the method of
lacing may be varied without departing from the scope of
the present invention. For example, a single cord may be
laced through every aperture 418, 436, or a series of cords
may each be laced between discrete groups of apertures 418,
436, 1In addition, any other suitable retaining mechanisms
for coupling ramming brake 410 to aft closure 430 may also
be used.

Because ramming brake 410 is positioned around fins
432, in order for fins 432 to open after launch, ramming
brake 410 must be separated from the projectile once the
projectile is fired. In addition, it is preferable that
ramming brake 410 disintegrate during firing so as not to
produce excessive wear inside the gun barrel, and not
endanger personnel and objects located near the gun.
Therefore, ramming brake 410 is typically made from a
material (s) that is frangible under firing forces created
by the propelling charge, but that is strong enough to stop
the projectile under rammihg forces. In addition, the
material (s) used must Dbe able to withstand high
temperatures in the gun barrel created by the repeated
firing of the gun. The material must be able to withstand
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these high temperatures for a sufficient period of time to
allow the projectile to be loaded and fired. Preferably,
the material used to fabricate ramming brake 410 is a
graphite composite material. For example, one embodiment
5 of the present invention utilizes a wound carbon-graphite
filament to reinforce a thermoset resin, such as epoxy.
However, other suitable materials, such as cyanate ester,
polyester, and bismaleimide, may be used without departing
from the scope of the present invention.
10 FIGURE 6 illustrates a second embodiment of a ramming
brake 510 incorporating teachings of the present invention.
As with ramming brake 410, ramming brake 510 is operable
for use with a mid-body obturated projectile. Ramming
brake 510 includes a braking ring 512. As with braking
15 ring 412 of ramming brake 410, braking ring 512 has a
slightly tapered conical shape. The outside diameter of
braking ring 512 is slightly larger at an aft end 514 than
at a forward end 516. As with braking ring 412, the
conical shape of braking ring 512 is configured to conform
20 with the taper in the breach of the gun barrel just before
the forcing cone. Therefore, braking ring 512 wedges into
and stops in this tapered area when the projectile is
rammed. However, as with braking ring 412, braking ring
512 may be configured to conform with other portions of the
25 gun barrel.

Unlike ramming brake 410, ramming brake 510 does not
use a retaining mechanism that semi-elastically attaches
braking ring 512 to the associated projectile. Instead,
ramming brake 510 uses a retaining mechanism that includes

30 a number of generally rigid mounting arms 518 that extend
from forward end 516 of braking ring 512. The outer
diameter defined by mounting arms 518 is smaller than the
outer diameter of braking ring 512. Thus, mounting arms
518 do not contact the gun barrel during loading. Finally,
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mounting arms 518 each include a pair of mounting holes 520
used to attach ramming brake 510 to a projectile. It will
be understood that the number of mounting arms 518 and the
number of mounting holes 520 may be varied without
departing from the scope of the present invention. In
addition, mounting.arms 518 may either be formed integral
with braking ring 512, or later attached to braking ring
512 using an appropriate fastening method.

As with braking ring 412 of ramming brake 410, braking
ring 512 has an inside diameter that is sufficiently large
to accommodate the folded fins of the projectile. Ramming
brake 510 is slipped over the folded fins of the
projectile, with mounting arms 518 facing forward, until
mounting holes 520 are aligned with a set of corresponding
mounting holes located on the aft closure of the
projectile. A fastening member, such as a bolt or screw,
is then placed through the mounting holes of the projectile
and mounting holes 518 of ramming brake 510 in order to
secure brake 510 to the projectile. FIGURE 7 illustrates

‘ramming brake 510 mounted on an aft closure 532 of a

projectile 530.

The materials for fabrication of the ramming brake 510
‘must meet the same requirements described above in
conjunction with ramming brake 410. Preferably, the
material used to fabricate ramming brake 510 is a graphite
composite material. For example, one embodiment of the
present invention utilizes a wound carbon-~graphite filament
to reinforce a thermoset resin, such as epoxy. However,
other suitable materials, such as cyanate ester, polyester,
and bismaleimide, may be used without departing from the
scope of the present invention.

Although the present invention and its advantages have
been described in detail, it should be understood that

various changes, substitutions, and alterations can be made



e T e

WO 01/01063 PCT/US00/17408

1ls

therein without departing from the spirit and scope of the

present invention as defined by the appended claims.
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WHAT IS CLAIMED IS:

1. A ramming brake for use with a projectile
launched from the barrel of a gun, the barrel having a
tapered portion, comprising:

a braking ring having a tapered surface configured to
wedge into the tapered portion of the gun barrel; and

a retaining wmechanism configured to couple the braking
ring to the projectile, the retaining mechanism restraining
the movement of the projectile after the braking ring
wedges in the tapered portion.

2. The ramming brake of Claim 1, wherein the tapered
surface of the braking ring has a configuration to wedge
into a tapered breach of the barrel.

3. The ramming brake of Claim 1, wherein the braking
ring comprises a carbon-graphite filament composite
material.

4. The ramming brake as set forth in Claim 1,
wherein the braking ring comprises a frangible material
that disintegrates during the launch of the projectile from
the barrel. '

5. The ramming brake of Claim 1, wherein the braking
ring comprises a configuration for positioning around a set
of folded fins of the projectile.

6. The ramming brake of Claim 1, wherein the
retaining mechanism comprises at least one semi-elastic
cord coupling the projectile to the braking ring.

7. The ramming brake of Claim 6, wherein the at

least one semi-elastic cord comprises a material selected

is Sheet Has Been Replaced
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from the group consisting of aramid, nYion, polyester and

polyethylene fibers.

8. The ramming brake of Claim 6, further comprising
a lacing flange extending inwardly from an aft end of the
braking ring, the lacing flange having at least one
aperture for lacing the at least one semi-elastic coxd to

couple the braking ring to the projectile.

9. The ramming brake of Claim 1, wherein the
retaining mechanism comprises at least one wmounting leg

coupling the projectile to the braking ring.

This Sheet Has Been Replaced -
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10. A ramming brake for use with a projectile
launched from the barrel of a gun, the barrel having a
tapered breach, comprising:

a braking ring having a'tapered surface configured to
wedge into the tapered breach; _

a conical lacing flange attached to and extending
inwardly from an aft end of the braking ring; and

a retaining mechanism configured to couple the lacing
flange to the projectile, the retaining mechanism
restraining the movement of the projectile after the

braking ring wedges in the tapered breach.-

11. The ramming brake of Claim lb, wherein the
braking ring comprises a carbon-graphite filament composite
material.

12. The ramming brake of Claim 10, wherein the
retaining mechanism comprises at least one semi-elastic
cord coupling the lacing flange to the projectile.

13. The ramming brake of Claim 12, wherein the at
least one semi-elastic cord comprises a material selected
from the group consisting of aramid, nylon, polyester and
polyethylene fibers.

14. The ramming brake of Claim 10, wherein:

the lacing flange includes a plurality of apertures
circumferentially spaced around the flange; and

the retaining mechanism comprises at least one semi-
elastic cord laced through the épertures of the lacing
flange.

_.;_——————~*~_”’—“_~—
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15. A rétmming brake for use Wifh a projectile

launched from the barrel of a gun, the barrel having a

tapered portion, comprising:
a braking ring having a tapered surface configured to
5 wedge into the tapered portion of the gun barrel; and
at least one mounting leg configured to couple the
braking ring to the projectile, the at least one mounting
leg restraining the movement of the projectile after the

braking ring wedges in the tapered portion of the barrel.

10
16. The ramming brake of Claim 15, wherein the
tapered surface of the braking ring is configured to wedge
into a tapered breach of the barrel.

’ 15 17. The ramming brake of Claim 15, wherein the
braking ring comprises a carbon-graphite filament composite
material.

18. The ramming brake of Claim 15, wherein the
20 mounting leg is formed integral with the braking ring, and
the braking ring and mounting leg comprise a carbon-
graphite filament composite material.
19. The ramming brake as set forth in Claim 15,
25 wherein the braking ring comprises a frangible material
that disintegrates during launch of the projectile from the
barrel.
20. The ramming brake of Claim 15, wherein the
30 braking ring comprises a configuration for positioning

around a set of folded fins of the projectile.

.
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